involved in the negative regulation of responses induced by LPS signaling through Toll-like receptor 4 (14, 15) .
Mouse models of arthritis have revealed important roles for the cytokines IL-6 and GM-CSF, as mice deficient in either cytokine are less susceptible to CIA (16) (17) (18) . Both cytokines use the JAK-STAT signal transduction pathway, although the actual molecules used differ: IL-6 signaling predominantly occurs through STAT3 activation, while GM-CSF uses STAT5. In addition, T cell activation and expansion, under the control of cytokines such as IL-2, which signals through phosphorylation of STAT5, are an important component of inflammatory arthritis. Since SOCS-1 can inhibit downstream phosphorylation of both STAT3 and STAT5 (9, 10) , SOCS-1 might inhibit the activity of multiple cytokines and therefore be an important negative regulator of both inflammation and T cell activation associated with inflammatory arthritis. We have addressed this issue by examining acute inflammatory arthritis in SOCS-1-deficient mice.
Mice lacking SOCS-1 die at 2-3 weeks of age from an inflammatory syndrome characterized by fatty degeneration and necrosis in the liver and monocytic infiltration into numerous organs, including liver, muscle, pancreas, heart, and lungs (19) . Lymphoid deficiencies in SOCS-1-deficient mice include reduced thymic cellularity and B cell lymphopenia. Most of the pathological effects seen in SOCS-1-deficient mice are mediated by IFN-γ, since mice lacking both SOCS-1 and IFN-γ do not exhibit this syndrome and survive until adulthood (20) . Despite the ability of SOCS-1 to inhibit signaling of a number of proinflammatory cytokines, the response of these mice in models of inflammatory diseases has not been examined. We have therefore used the SOCS-1/IFN-γ double-knockout mouse to examine the effects of SOCS-1 in regulating a model of acute inflammatory arthritis.
Methylated BSA/IL-1 arthritis is induced by intraarticular injection of methylated BSA (mBSA) into the knee, followed by three daily subcutaneous injections of IL-1 (21, 22) . Inflammatory arthritis peaks 7 days after injection and resolves by day 21. The advantages of this model are the high incidence of arthritis in injected knee joints and the rapid and reproducible kinetics of disease onset and resolution. Development of arthritis in this model is dependent on CD4 + T cells but is independent of B cells and CD8 + T cells (ref. 22 ; K.E. Lawlor and I.P. Wicks, unpublished observations). Here we show that the mBSA/IL-1 model is also independent of IFN-γ, which allowed us to directly examine the effects of SOCS-1 in the development of inflammatory arthritis. We show that arthritis is exacerbated in the absence of SOCS-1, and that SOCS-1 is expressed by several cell types in the arthritic joint and regulates mononuclear cell infiltration in the synovium and T cell proliferation in the draining LNs.
Methods
Mice. C57BL/6 mice and IFN-γ -/-mice maintained on a C57BL/6 background were obtained from the Walter and Eliza Hall Institute of Medical Research animal services (Kew, Australia). The SOCS-1 locus was targeted in 129/Sv ES cells as described previously (20) . ES cell clones bearing one disrupted SOCS-1 allele were injected into C57BL/6 blastocysts, and the chimeric mice generated were bred with C57BL/6 mice to generate heterozygotes on a mixed 129/Sv and C57BL/6 generic background. SOCS-1 +/-mice were then bred with C57BL/6 IFN-γ -/-mice to produce SOCS-1 +/-IFN-γ +/-compound heterozygotes. These compound heterozygotes were subsequently interbred to produce SOCS-1 -/-IFN-γ -/-and SOCS-1 +/+ IFN-γ -/-mice as required. Once mice of these individual genotypes were obtained, they were interbred for maintenance as individual lines. All animal procedures were approved by the institutional ethics committee.
Arthritis induction. Induction of arthritis using mBSA and IL-1 was performed as previously described (21, 22) . Briefly, 6-to 12-week-old mice were anesthetized and injected with 10 µl of a 20-mg/ml solution of mBSA (Sigma-Aldrich, St. Louis, Missouri, USA) in saline, or saline alone, into one or both knee joints. Mice were then injected with 20 µl of 12.5 µg/ml recombinant human IL-1β (National Cancer Institute, Bethesda, Maryland, USA) subcutaneously in the footpad. The IL-1β injection was repeated on the next 2 days. Mice were sex-and age-matched within experiments, and at least 5 mice were included in each experimental group. All experiments were repeated at least three times.
Histologic assessment of arthritis. Mice were euthanized on day 7 after mBSA injection, and the knee joints were removed, fixed in 10% neutral buffered formalin for at least 2 days, decalcified, and processed to paraffin. Four-micrometer frontal tissue sections were cut at four depths approximately 100 µm apart and stained with H&E. Arthritis was assessed by an investigator who was blinded to the experimental groups, and five features of arthritis were graded for severity from 0 (normal) to 5 (severe) as previously described (22) . The overall mean histologic severity score for an experimental group (maximum of 25) was calculated by averaging the sum of the five histological features, with each feature scored at four section depths.
Immunohistochemistry. Paraffin sections were dewaxed and rehydrated and stained with purified goat polyclonal antibodies specific to the C-terminal region of murine and human SOCS-1 (Santa Cruz Biotechnology Inc., Santa Cruz, California, USA) or purified goat anti-hamster Ig antibodies as a negative control (Caltag Laboratories Inc., Burlingame, California, USA). Primary antibodies were detected with peroxidase-conjugated rabbit anti-goat Ig antibodies (DAKO A/S, Glostrup, Denmark), and staining was visualized with diamino-benzidine as the substrate. Sections were counterstained with hematoxylin.
Isolation of cells from synovial tissue and peritoneal cavity. Synovial tissue was dissected from knee joints of mice following induction of arthritis and digested in a cocktail of 2.4 mg/ml dispase (Boehringer Mannheim, Mannheim, Germany), 1 mg/ml collagenase (Sigma-Aldrich), and 100 µg/ml DNase I (Boehringer Mannheim) in RPMI for 1 hour at 37°C. The cells were filtered through a nylon mesh, washed three times in RPMI plus 10% FCS (Trace Bioscientific, Sydney, Australia), and stained for flow cytometric analysis. Nonadherent synovial cells were isolated following overnight incubation at 37°C. Joint-exudate cells were collected by flushing of joints with 100 µl of 10 mM EDTA in PBS, cytocentrifugation of the synovial fluid, and staining with Diff-Quik reagents (Lab Aids, Narrabeen, Australia). Peritoneal exudate cells were obtained by peritoneal lavage with 5 ml of RPMI plus 10% FCS.
Flow cytometry. Synovial and LN cells were stained for flow cytometric analysis using FITC-and phycoerythrinconjugated antibodies to CD8α (clone CT-CD8a), and phycoerythrin-conjugated antibodies to CD11b (clone M1/70) and CD4 (clone CT-CD4) (all from Caltag Laboratories Inc.). Biotinylated antibodies to CD45.2 (clone 104), GR-1 (clone RB6-8C5), CD25 (clone 7D4), CD44 (clone IM7), and CD69 (clone H1.2F3) were obtained from BD Pharmingen (San Diego, California, USA). Nonspecific binding of antibodies was blocked by preincubation of cells with an antibody to CD16 and CD32 (clone 2.4G2), and biotinylated antibodies were detected using streptavidin-TriColor (Caltag Laboratories Inc.). Cells were analyzed on a FACScan flow cytometer using CellQuest software (Becton Dickinson Immunocytometry Systems, San Jose, California, USA). Determination of β-gal activity by flow cytometry was carried out using the substrate fluorescein-D-galactopyranoside (FDG; Sigma-Aldrich), as described previously (23) . Flow cytometric sorting experiments were performed using a FACSVantage SE flow cytometer (Becton Dickinson Immunocytometry Systems).
T cell proliferation. Popliteal and axillary LN cells were cultured at a concentration of 2 × 10 5 cells per well in 200 µl RPMI, supplemented with 1 mM sodium pyruvate, 0.1 mM nonessential amino acids (GIBCO BRL; Life Technologies Inc., Melbourne, Australia), and 10% FCS. Cells were stimulated with 0-10 µg/ml mBSA for 72 hours and were pulsed with 1 µCi tritiated thymidine ( 3 H-TdR) for the final 8 hours. Thymidine incorporation was determined on a microplate scintillation counter (Canberra Packard, Melbourne, Australia) as a measure of T cell proliferation. Splenic CD4 + T cells were purified by labeling of the cells with a FITC-conjugated anti-CD4 antibody (clone GK1.5; Pharmingen, San Diego, California, USA) followed by anti-FITC-labeled magnetic beads (Miltenyi Biotec Inc., Auburn, California, USA). CD4 + T cells were enriched to greater than 90% purity by autoMACS magnetic separation, according to the manufacturer's instructions (Miltenyi Biotec Inc.). Cells were cultured as described above in the presence of plate-bound anti-CD3 antibodies, and proliferation was measured by 3 H-TdR incorporation.
Statistical analysis. Data are expressed as mean ± SEM. Differences in histological scores were analyzed using the Mann-Whitney two-sample rank test. Student's t test was used to analyze the results of T cell proliferation assays. P values less than 0.05 were considered significant.
Results

Detection of SOCS-1 in the inflamed synovium following induction of acute arthritis.
To determine whether SOCS-1 is expressed in the synovium following the induction of acute arthritis, C57BL/6 mice were injected intra-articularly with mBSA, followed by three daily subcutaneous injections of IL-1. Mice were sacrificed on day 7, and knee joints were processed for histology. Knee joint sections were stained with goat polyclonal antibodies specific for SOCS-1, or with goat polyclonal antibodies of irrelevant specificity as a negative control.
Staining of sections with antibodies specific for SOCS-1 revealed expression of SOCS-1 protein within the synovium. The most prominent SOCS-1 staining was in granulomas that had developed within the inflamed synovium by day 7 following mBSA injection ( 
IFN-γ is not required for development of acute arthritis.
Because the absence of SOCS-1 is associated with IFN-γ-dependent perinatal lethality, SOCS-1 -/-mice were maintained on an IFN-γ -/-background (20) . It was therefore important to define the contribution of IFN-γ to the development of acute arthritis in our model. WT or IFN-γ -/-mice, on a C57BL/6 background, were injected with mBSA in the knee joint and received three daily injections of IL-1β subcutaneously (mBSA/IL-1-induced arthritis). Arthritis was assessed on day 7 following mBSA injection. No difference in the incidence or overall severity of disease was seen between WT and IFN-γ -/-mice. Histological scores of individual features of arthritis in IFN-γ -/-mice also did not differ significantly from those of WT mice ( Figure 2 ). In addition, administration of neutralizing mAb's specific for IFN-γ over the course of disease induction did not have any significant effect on the overall severity of disease, or on the severity of any of the five individual features (data not shown). IFN-γ therefore does not play a significant role in the development of acute mBSA/IL-1-induced arthritis. Figure 4a ), indicating that both inflammatory features (joint-space exudate and synovitis) and destructive features (pannus formation and cartilage and bone destruction) were affected. To assess the role of SOCS-1 in disease resolution, mice were also sacrificed on day 14 following mBSA injection (Figure 4b ). At this time, arthritis was almost completely resolved in SOCS-1 +/+ IFN-γ -/-mice. Residual arthritis was still more severe in the absence of SOCS-1, although the histological scores for each of the five arthritis features were reduced. SOCS-1 can therefore regulate the extent of the inflammatory response, but disease resolution still proceeds in its absence.
Accumulation of myeloid cells in the synovium of SOCS-1 -/-IFN-γ -/-mice during acute arthritis.
To characterize the inflammatory cell infiltrate in synovium, we prepared a single-cell suspension of synovial tissue by enzymatic digestion and stained the cells for flow 
Expression of CD4 or CD8 was not detected on freshly isolated synovial tissue cells. Expression of these molecules, however, is known to be sensitive to dispase
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Figure 1
Immunohistochemical staining for SOCS-1 during acute inflammatory arthritis. Acute inflammatory arthritis was induced by intraarticular injection of 200 µg mBSA into the knee joint followed by three daily subcutaneous injections of 250 ng IL-1β. Mice were sacrificed on day 7 after mBSA injection. Paraffin-embedded joint sections were dewaxed and stained with purified goat polyclonal antibodies specific for SOCS-1 or goat polyclonal antibodies of irrelevant specificity. digestion, so it is likely that these markers were cleaved from the cells during isolation from the synovium. SOCS-1 promoter activity in the synovial compartment during arthritis. The targeted disruption of the SOCS-1 gene introduced a β-gal reporter gene into the SOCS-1 locus (19) . Expression of β-gal activity could therefore be used to determine the identity of cells expressing SOCS-1 promoter activity following induction of acute arthritis. Synovial cells were isolated by enzymatic digestion of the synovium from SOCS-1 -/-IFN-γ -/-mice on day 7 following arthritis induction. Cells were exposed to the β-gal substrate FDG, which yields a fluorescent product when cleaved; they were then stained with phenotypic markers and analyzed by flow cytometry.
Staining with antibodies specific for CD45 and CD11b was used to identify myeloid (CD45 + CD11b + ), lymphoid (CD45 + CD11b -), and stromal (CD45 -CD11b -) cells present in the synovium. Although the process of enzymic digestion of the synovial tissue cleaved some phenotypic markers from the cells, such as CD4 for T cells and VCAM-1 for fibroblasts, light-scatter properties of each subpopulation were consistent with those expected for each cell type (Figure 6a ). CD45 + CD11b + cells had high forward and side scatter, consistent with this population being predominantly myeloid cells. In contrast, CD45 + CD11b -cells expressed a low forward-and sidescatter profile, consistent with the cells being predominantly lymphocytes. CD45 -CD11b -cells were a heterogeneous population but were predominantly large, granular cells as determined by light scatter, consistent with these cells being predominantly synovial fibroblasts. In addition, this population of cells assumed a typical fibroblast morphology when allowed to adhere in culture for 4 hours (data not shown). Gating on each subpopulation revealed that significant proportions of all three populations expressed β-gal activity. The percentage of β-gal + cells was 45% for CD45 + CD11b + myeloid cells, 70% for CD45 + CD11b -lymphoid cells, and 60% for CD45 -synovial cells. Synovial cells isolated from SOCS-1 +/+ IFN-γ -/-mice, which do not contain the reporter gene, did not show any significant β-gal activity (data not shown).
Since there appeared to be a distinct subpopulation of CD11b + cells that were positive for β-gal activity, CD11b + synovial cells were sorted by flow cytometry, based on β-gal activity, in order to compare the morphology of cells that did or did not express β-gal. Over 90% of CD11b + β-gal -cells were neutrophils, while the remaining cells displayed a monocyte-like phenotype (Figure 6b ). In contrast, CD11b + β-gal + cells were virtually all activated macrophages, being larger cells with a distinctive foamy cytoplasm and containing large vacuoles. CD11b + cells that expressed β-gal activity were also larger and more granular by forward/side scatter analysis than cells negative for β-gal, consistent with an activated phenotype.
Reporter gene expression in synovial macrophages following induction of inflammatory arthritis was compared with expression in macrophages isolated from a noninflamed site. Resident peritoneal cells were isolated from naive SOCS-1 -/-IFN-γ -/-mice and stained for CD11b and β-gal activity (Figure 6c) . No β-gal activity was detected in CD11b + resident peritoneal macrophages in the absence of an inflammatory stimulus, suggesting that reporter gene expression seen in synovial macrophages was induced in response to inflammation in the synovium. Induction of inflammatory arthritis therefore induced SOCS-1 promoter activity in a number of different cell lineages present in the synovium, including macrophages, lymphocytes, and fibroblasts. Induction of SOCS-1 promoter activity was not ubiquitous, however, since it was not detected in granulocytes isolated from the synovium.
Lymphadenopathy in draining LNs. Since the mBSA/IL-1 model of acute arthritis is a CD4-dependent response, we examined the cellular phenotype of cells within LNs on day 7 following arthritis induction. The LNs analyzed were the popliteal LNs, which are the major draining nodes for the knees, and axillary LNs, which do not drain the knees and were therefore analyzed as negative controls. Because of the small size of individual popliteal LNs, results shown represent average LN size calculated from pooled LN cells.
In three independent experiments, there were up to fourfold more cells in the popliteal LNs of SOCS-1 -/-IFN-γ -/-mice compared with similar LNs taken from SOCS-1 +/+ IFN-γ -/-mice on day 7 following mBSA injection (Table 1) . There was also a slight increase in the total number of cells present in the nondraining axillary LNs from SOCS-1 -/-IFN-γ -/-mice, compared with SOCS-1 +/+ IFN-γ -/-mice, following induction of arthritis. The lymphoid organs of unchallenged SOCS-1 -/-IFN-γ -/-mice, however, show a similar increase in the total number of cells when compared with those of SOCS-1 +/+ IFN-γ -/-mice, which is predominantly due to an expansion of CD8 + T cells (24) ; and the increased number of cells seen in axillary LNs following induction of arthritis was of similar magnitude. In contrast, the increased cellularity seen in draining LNs following the induction of acute arthritis was disproportionately greater. Induction of acute arthritis in the absence of SOCS-1 therefore induces lymphadenopathy in the draining LNs.
SOCS-1 -/-T cells are hyperproliferative in vitro.
One possible reason for the increase in cellularity in draining
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The for β-gal activity. Expression of the reporter gene was correlated with the expression of the activation markers CD25, CD44, or CD69 on popliteal LN cells (Figure 8 ).
LNs of SOCS-1 -/-IFN-γ -/-mice is that T cells within the
Resting or naive CD4 + T cells that did not express activation markers were negative for β-gal activity. In contrast, the percentage of CD4 + T cells expressing β-gal activity was 21%, 26%, and 27% for CD25 + , CD44 + , and CD69 + cells, respectively, demonstrating that SOCS-1 promoter activity in the CD4 + T cell compartment was confined to cells with an activated or memory phenotype. Similar proportions of β-gal + cells were also seen in CD8 + T cells expressing CD25, CD44, or CD69, while CD8 + T cells that lacked expression of activation markers were negative for β-gal activity (data not shown). Comparable results were also obtained for CD4 + and CD8 + T cells isolated from axillary LNs, suggesting that SOCS-1 expression is a general feature of T cell activation.
Discussion
SOCS-1 was discovered through its ability to inhibit signaling of IL-6, via inhibition of STAT1 phosphorylation (9) (10) (11) . Subsequent in vitro and in vivo experiments have
shown that SOCS-1 can inhibit the signal transduction pathways of multiple cytokine receptors, including those for IFN-γ, IL-2, IL-3, IL-5, and TNF-α. Mice lacking SOCS-1 die at weaning, of an inflammatory syndrome characterized by fatty degeneration of the liver and mononuclear cell infiltration into numerous organs (19) . This syndrome is dependent on hyperresponsiveness to IFN-γ signaling, since mice doubly deficient in SOCS-1 and IFN-γ survive until adulthood (20) . Longterm survival of SOCS-1 -/-IFN-γ -/-mice, however, is impaired, due to the development of multiple inflammatory lesions in the skin, gut, and other organs, pneumonia, and polycystic kidneys (25) , suggesting that, in vivo, SOCS-1 is responsible for negative regulation of other cytokines in addition to IFN-γ. Given that SOCS-1 is an important physiological regulator of cytokine signaling, mice lacking SOCS-1 may develop more severe inflammatory diseases. In vitro evidence suggests that SOCS-1 has the potential to regulate the development of inflammatory responses, through inhibition of proinflammatory cytokines such as IL-6 and GM-CSF, and T cell activation, via effects on cytokines such as IL-2 and 
IL-4 (reviewed in ref. 8).
We have used an acute inflammatory arthritis model to examine these issues. The advantages of the mBSA/IL-1 model are the rapid and reproducible development of arthritis in the injected knee joint and the involvement of CD4 + T cells in the development of disease. We have previously shown that the development of disease is dependent on CD4 + T cells, while CD8 + T cells and B cells are not required (ref. 22 ; K.E. Lawlor and I.P. Wicks, unpublished observations). Although IL-1 drives the mBSA/IL-1 model of acute arthritis, SOCS-1 is not thought to be a regulator of IL-1 signaling. The exact mechanism by which IL-1 induces disease, however, is not known, but it is likely to involve the induction of other proinflammatory and immunostimulatory cytokines whose activity may be modulated by SOCS-1. Importantly, the development and severity of arthritis was not affected in the absence of IFN-γ; thus SOCS-1 -/-IFN-γ -/-mice can be used in this model. This model of disease, however, is dependent on other cytokines such as GM-CSF, TNF-α, and IL-6, since mice deficient in these cytokines have reduced arthritis (refs. 7, 26 ; P. Wong and I.P. Wicks, unpublished data). Since SOCS-1 has been shown to modulate signaling through these cytokines, we have examined the effects of a lack of SOCS-1 on the development of acute arthritis, both within the synovium and in the draining LNs.
Our results suggest that SOCS-1 is involved in regulating the course of arthritis in two distinct compartments. Firstly, the inflammatory response in the synovium was more severe in mice lacking SOCS-1. Secondly, SOCS-1 was also involved in regulating the extent of T cell proliferation and activation in the draining LN. The major feature of arthritis seen in SOCS-1 -/-IFN-γ -/-mice was increased severity of synovial inflammation, characterized by greater infiltration of myeloid cells into the inflamed joint. In addition, destructive features of arthritis, such as pannus formation and cartilage and bone degradation, were also more severe in the absence of SOCS-1. Although some of these effects could be secondary to dysregulated cytokine production, SOCS-1 promoter activity was seen in synovial macrophages and fibroblasts, suggesting that increased severity of disease also involves an enhanced response of these cells to cytokine stimulation. SOCS-1 promoter activity, however, was not ubiquitous, as granulocytes isolated from the synovium of arthritic mice did not contain detectable β-gal activity. In addition, although sorted populations of CD11b + β-gal + cells were predominantly activated macrophages, approximately 10% of CD11b + β-gal -cells were monocytes. This suggests that SOCS-1 is expressed at a distinct stage in the macrophage differentiation and activation pathway and is likely to occur in response to cytokine stimulation. Detection of SOCS-1 promoter activity in macrophages is consistent with immunohistochemical detection of SOCS-1 within granulomas that formed in the inflamed synovium following induction of disease and within pannus tissue (Figure 1) , since activated macrophages are present in both sites. Accumulation of macrophages in the joint exudate of mice lacking SOCS-1 following induction of arthritis is also consistent with a role of SOCS-1 in the negative regulation of macrophage differentiation and activation following induction of disease (Figure 5c ).
Although we did not detect SOCS-1 promoter activity within granulocytes isolated from the inflamed synovium, we cannot rule out the possibility of a low level of SOCS-1 gene expression below the level of detection of the assays used. The level of expression, however, would be significantly lower than that in activated macrophages, lymphocytes, or fibroblasts. Detection of SOCS-1 promoter activity in synovial fibroblasts is consistent with a previous report demonstrating that SOCS-1 -/-synovial fibroblasts are hyperproliferative to stimulation with IL-6 (27), a proinflammatory cytokine that is produced at high levels in inflamed synovium. Production of MMPs, which are primary mediators of cartilage and bone destruction, is also induced by IL-6. SOCS-1 is therefore likely to be important in negative regulation of both synovial fibroblast proliferation and tissue remodeling during the onset of arthritis.
The most striking lymphoid defects seen in the absence of SOCS-1 were a profound lymphadenopathy in the draining LNs and T cell hyperresponsiveness in vitro. Popliteal LN cells from SOCS-1 -/-IFN-γ -/-mice at the peak of the arthritic response spontaneously proliferated in the absence of exogenous stimulation, and stimulation with antigen increased proliferation further. Since axillary LNs did not show this response, it is likely that the popliteal LN cells were hyperresponsive to stimulatory signals, such as IL-2, received in vivo following activation. Similarly, purified CD4 + T cells from untreated SOCS-1 -/-IFN-γ -/-mice were hyperresponsive to stimulation with anti-CD3. There have been a number of reports implicating SOCS-1 in the negative regulation of IL-2 signaling and T cell homeostasis. SOCS-1 is induced in human peripheral blood T cells following stimulation with IL-2 and can inhibit STAT5 phosphorylation by binding to JAK1 (28) . We now show that SOCS-1 can regulate the magnitude of the T cell response to an exogenous antigen in vivo and, following engagement of the T cell receptor, by anti-DC3 stimulation in vitro. While it is likely that the increased proliferation is due to a dysregulated response to IL-2 induced by T cell receptor engagement, in vitro reconstitution experiments have demonstrated a possible role for SOCS-1 in the inhibition of CD3ζ-mediated signaling (29) , suggesting that signaling through the T cell receptor itself is also regulated by SOCS-1. The finding that β-gal reporter gene activity was found in CD4 + T cells expressing the activation markers CD25, CD44, and CD69, but not in naive CD4 + T cells, confirms that SOCS-1 is transcribed following T cell activation.
Preliminary RNase protection analysis of mRNA isolated from the synovium of SOCS-1 +/+ IFN-γ -/-and SOCS-1 -/-IFN-γ -/-mice following the induction of arthritis did not detect any significant difference in the amount of RNA coding for the inflammatory cytokines IL-1α, IL-1β, IL-6, or IL-18. Although many other inflammatory mediators might be increased, and the extent of synovial inflammation is greater in mice lacking SOCS-1, this would suggest that exacerbated disease is mainly a result of hyperresponsiveness of cells to stimulation with cytokines, rather than overproduction of cytokines. This suggestion is consistent with the known activity of SOCS-1 in inhibiting intracellular signaling.
Although arthritis was more severe in SOCS-1 -/-IFN-γ -/-mice, resolution of disease was occurring by day 14, although the disease was still more severe than in SOCS-1 +/+ IFN-γ -/-mice. Whether this was because disease resolution was slower in the absence of SOCS-1 or because of the increased peak severity of disease has yet to be resolved. Apart from SOCS-1, other members of the SOCS family may also be involved in regulating cytokine stimulation during arthritis induction. SOCS-3-specific mRNA, for example, was produced by synovial cells during arthritis, and adenovirusmediated transfer of SOCS-3 into the ankle joints of mice with CIA has been shown to reduce the incidence and severity of disease (30) . Because SOCS-3-deficient mice die in utero, it is not possible to directly assess the course of arthritis in the absence of SOCS-3, although this could be done through the generation of conditional knockout mice lacking SOCS-3 in defined cellular compartments.
In summary, SOCS-1 is an important negative regulator of experimental arthritis and has multiple effects depending on cell lineage. In the synovium, it acts in both macrophages and fibroblasts to limit the extent of inflammation and joint destruction, while in the draining LNs, it is important in regulating the extent of T cell expansion following antigen stimulation. These pleiotropic effects can be attributed to the actions of SOCS-1 regulating multiple cytokine responses within different cell lineages. Agents designed to induce the expression of SOCS-1 may offer a new therapeutic strategy for the treatment of inflammatory arthritis.
